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Abstract

Aim: In this study, we aimed to evaluate serum galanin-like peptide (GALP) and leptin levels in women diagnosed with polycystic ovary syndrome (PCOS) and
to evaluate its relationship with obesity and insulin resistance.

Material and Methods: This study was conducted with 46 PCOS patients and 33 healthy women matched with a body mass index (BMI). Demographic
characteristics of the patients [age, body mass index (BMI), number of births, menstrual characteristics, ovarian and endometrium characteristics], cholesterol,
HOMA-IR, GALP, Leptin, AMH, FSH, LH, PRL, DHEA-SO4 and Testosterone levels were measured.

Results: A total of 79 individuals, 46 of whom (58.2%), with a mean age of 25.61 = 7.15 years (14-43), were diagnosed with PCOS, and 33 of whom (41.8%)
were in the healthy control group with similar features in terms of BMI, were included in our study. There was no difference between the groups in terms of
GALP levels (3.4 vs. 5.5 ng/ml) (p=0.563). Leptin (10.2 vs. 4.5 ng / ml), AMH (7.3 vs. 2.6 ng / ml) and total testosterone (67.1 + 25.12 vs. 40.1 + 19.05 ng / dL)
levels in the PCOS group were found to be higher than those in the control group (p<0.001).

Discussion: Our study showed that patients with PCOS had higher leptin and AMH levels than women in the healthy control group with similar BMI values, but
there was no significant difference found between the two groups in terms of GALP levels.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy in women of reproductive age with a prevalence
of 6-25% [1]. The syndrome is associated with obesity, insulin
resistance, impaired glucose tolerance, type 2 diabetes mellitus
(T2DM) and dyslipidemia [1,2].

Leptin is an adipokine, which affects oocyte maturation and
activates ovarian enzymes involved in steroidogenesis, such as
luteinizing hormone (LH) and follicle stimulation (FSH) [3].

The physiological relationship between leptin and GALP has
been evaluated in several studies [4,5]. The presence of the
leptin receptor in GALP-containing cells in the arcuate nucleus
of rats and macaques has been demonstrated in morphological
studies [5,6]. These observations showed that GALP can be
regulated by a central and peripheral leptin-derived mechanism
to control feeding behaviour. GALP levels are involved in
nutritional regulation, and are thought to be associated with
inflammation, sexual behaviour, and stress.

Although it has been shown that leptin levels are increased in
non-obese patients with PCOS, there are not enough data on
GALP levels [7]. The aim of this study was to evaluate serum
leptin and GALP levels of patients with PCOS and to evaluate
their relationship with metabolic parameters.

Material and Methods

Study population

A group of 46 PCOS and 33 healthy women with a matched
body mass index (BMI) was included in our study. Patients were
selected from the outpatient gynaecology clinics of our hospital.
The control group patients had nonspecific complaints and
had no pathological findings. Demographic information of the
patients was recorded. Pelvic ultrasonography was performed
and recorded in all cases.

Inclusion criteria

The diagnosis of PCOS was made according to the Rotterdam
criteria [2]. Each patient’s, Ferriman - Gallwey scores (FGS),
height (cm), and weight (kg) were measured. BMI was calculated
according to the following formula: BMI = body weight (kg)
/ height square (m2). Patients were defined as normal or
underweight for those who were <25 kg/m2 and overweight for
those 225 kg/m? based on WHO criteria. The FGS scores of 6 or
higher were defined as hirsutism [8].

Exclusion criteria

All  patients diagnosed with secondary etiologies of
hyperandrogenism, diagnosed with chronic diseases, using any
medications, smokers and those regularly consuming alcohol
were excluded from the study.

Control Group

The control group consisted of healthy individuals with a FGS
score <6, a regular menstrual cycles, normal androgen levels,
a negative history for chronic diseases and normal ovaries in
ultrasound examination. Smokers or alcohol users and patients
taking any medications were excluded from the study.
Biochemical and hormonal tests

Venous blood samples were obtained at 9 am, between
days 3-5 of the spontaneous or progesterone-induced
menstrual cycle. Fasting plasma glucose (FPG), HDL, LDL and
triglyceride levels were measured using spectrophotometric

analyses (Beckman Coulter AU5800 (Beckman Coulter,
CA) analyzer (Abbott Diagnostics, USA)). Fasting serum
insulin (FSI), FSH, luteinizing hormone (LH), prolactin (PRL),
dehydroepiandrosterone sulfate (DHEAS), total testosterone
(TT), and thyroid-stimulating hormone (TSH) were measured
immunoenzymatically  (UniCelDxI800 analyzer (Beckman
Coulter, CA)). The homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) was calculated using the following
formula: HOMA-IR = Fasting blood glucose (mmol / L) x Fasting
blood plasma insulin (mU / mL) / 22.5. Serum anti-Mullerian
hormone (AMH) concentration was determined using an
automated electrochemiluminescence immunoassay (ECLIA)
and Roche-Cobas E411 (Roche Diagnostics, Germany).
Measurements of Leptin and GALP levels

After routine analysis, the separated serum was stored at
-80°C for determination of GALP and leptin levels. Serum leptin
levels were determined using the DRG-Leptin ELISA Kit® (DRG
instruments-GmbH, Germany), a solid phase enzyme-linked
immunosorbent assay based on the sandwich ELISA. The range
in plasma leptin concentration levels was obtained according
to the manufacturer’s instructions. Serum GALP levels were
measured by an enzyme-linked immunosorbent assay (Sandwich
ELISA) using a commercially available matched Human Galanin-
like Peptide Elisa Kit® (Bioassay Technology Lab, Shanghai,
China). According to the manufacturer’s specification, the
assay range for GALP was 0.156-10 ng / ml and the mean
sensitivity was 0.039 ng / ml, intra-assay precision was CV%
<8% and inter-assay precision was CV% <10%, respectively.
All measurements were done in pairs, and the average of
the two measurements was taken into account. The ELISA
method procedure was carried out according to the instructions
provided by the manufacturer.

Statistical analysis

The SPSS 26.0 (IBM, New York, USA) program was used in
the analysis of variables. The Kendall's tau-b test was used
to examine the correlations of quantitative variables with
each other. For the relationship between the classification of
the cut-off value calculated according to the variables of the
groups and the actual classification, sensitivity, specificity
and accuracy rates were analyzed and expressed using ROC
(Receiver Operating Curve) curve analysis. Logistic regression
and neural network (Multilayer Perceptron-Radial Basis), two
of the consulting machine learning methods, were used to find
and predict the variable of greatest importance in the patient
and healthy groups. The results of a Neural Network (Multilayer
Perceptron) analysis, which is the most successful model among
these methods, were used. Gradient descent was used for the
optimization algorithm, hyperbolic tangent as the hidden layer
activation function and exponential and softmax were used as
the output layer activation function. Due to some missing data
set, the training data set was set as 100%, while the Testing
data set as 0%. Quantitative variables were expressed as mean
+ SD (standard deviation) and median (Minimum / Maximum)
in the tables, while categorical variables were shown as n
(%). Variables were analyzed at a 95% confidence level, and a
p-value of less than 0.05 was significant.

Ethical Consideration

Our study was approved by the Ethics Committee of the
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hospital (Approval No:2194/21.02.2020). Informed consent was
obtained from each patient and signed before the examination.

Results

A total of 79 individuals, 46 of whom (58.2%), with a mean
age of 25.61 + 7.15 years (14-43), were diagnosed with PCOS,
and 33 of whom (41.8%) were in the control group with similar
BMI, were included in our study. The average age of the control
group was found to be higher than in the PCOS group (27 years
vs. 21.5 years) (p<0.001) (Table 1). There was no difference
between the groups in terms of GALP levels (3.4 ng/ml vs. 5.5
ng/ml) (p=0.563). Leptin (10.2 ng / ml vs. 45 ng / ml), AMH (7.3
ng / mlvs. 2.6 ng / ml), and total testosterone (67.1 + 25.12 ng /
dL vs.40.1 £ 19.05 ng/ dL) levels in the PCOS group were higher
than those of the control group (p<0.001). While the HOMA-IR
and fasting insulin levels of the patients in the PCOS group
were found to be higher than those in the control group, the
results of fasting blood glucose and cholesterol measurements
were similar. FSH, LH and E2 levels were found to be higher in
the control group than in the PCOS group (p=0.006, p=0.041
v p<0.001; respectively) (Table 1). TSH, DHEA-SO4 and PRL
levels were similar in both groups. As expected, hirsutism and
menstrual irregularity were found to most common complaints
in the PCOS group (p<0.001).

A low level of negative correlation was found between GALP
and age, BMI, fasting blood glucose and non-HDL cholesterol
levels in the total patient and control groups. A low positive
correlation was observed between leptin level and BMI, HOMA-

IR, fasting insulin, total cholesterol level, non-HDL cholesterol
level, LDL, triglyceride, TSH and T. testosterone. However, a
low negative correlation was found between triglyceride and E2
levels and leptin (Table 2).

No significant difference was found between menstrual
iregularity and BMI (<25, 25-30, >30 kg/m2) group
distributions in terms of GALP and leptin levels in the control
group. There was no significant difference in GALP and leptin
levels in the PCOS group with menstrual irregularity, hirsutism,
and morphological findings compatible with PCOS (p>0.05).
However, patients with a BMI of <25 kg/m2 had a higher GALP
value than patients with a BMI of 25-30 kg/m2 (p<0.001). The
leptin level of the patients with a BMI of 25-30 25 kg/m2 was
found to be higher than that of the patients with <25 v >30 kg/
m2 (p<0.001).

When all participants were evaluated, it was found that women
with menstrual irregularity, hirsutism and PCOS-compatible
morphological findings had higher leptin levels and as BMI
increased, leptin levels also increased. This status could not be
shown for GALP (p>0.05).

The effect values for the change in GALP levels were determined
to be age (57%), BMI (35%), non-HDL cholesterol (6%) and
fasting blood glucose (4%), respectively. The effect values for
the change in leptin levels were determined to be BMI (63%),
non-HDL cholesterol (10%), HOMA-IR (8%) and triglyceride
(5%) levels, respectively. In an analysis of those findings, which
showed that they were significant for the diagnosis of PCOS
in our study, testing with the Ensemble-learning Method found

Table 1. The table comparing the PCOS and control groups in the study

Control PCOS
(n=33) (n=46)
Median (Min-Max) Median (Min-Max)
Age (year) 27.0 (20-43) 21.5 (14-41) <0.001"¢
BMI (kg/m2) 24.5(19.7-35.4) 24.0 (16-43) 0.939 ¢
GALP (ng/ml) 3.4 (0.2-23.3) 5.5 (0.5-24) 0.563 ¢
Leptin (ng/ml) 45(0.1-18) 10.2 (1.2-25.2) <0.001¢
AMH (ng/ml) 2.6 (0.2-8.7) 7.3 (0.8-30.8) <0.001 ¢
HOMA-IR 1.4 (0.6 -17.6) 2.0(0.7-9.9) 0.018¢
Insulin (mIU/L) 6.6 (2.6 -56.9) 9.5 (4-105) 0.035¢
Glucose (mg/dL) 90.0 (75.0 -125) 88.0 (7.8-144) 0.973¢
Total Cholesterol (mg/dL) 168.0 (129-300) 177.0 (123-352) 0.363
HDL (mg/dL) 54.0 (36-84) 51.0 (35.0-139) 0.402 ¢
Non-HDL (mg/dL) 114.0 (71-246) 123.0 (73.0-213) 0.246"
LDL (mg/dL) 99.0 (59-228) 110.0 (62-201) 0.080"
Triglyceride (mg/dL) 65.0 (34-258) 79.0 (34-324) 0.189"
FSH (mlU/mL) 7.5 (2.7-35.4) 6.5(2.3-10.4) 0.006 ¢
LH (mlIU/mL) 9.9 (1.8-30.4) 6.3 (0.4-22) 0.041¢
DHEA-SO 4 (pg/dL) 233.9+106.53 256.9+131.15 0.478 ¢
Total Testosterone(ng/dL) 40.1£19.05 67.1+25.12 <0.001*

n (%) n (%)

Hirsutism
No 33 (100) & 11 (23.9) <0.001°
Yes 0(0) 35(76.1)% 206.8 (11.7-3649.8) °*

¥ Mann Whitney u test(Monte Carlo), * Independent Samples t-test(Bootstrap), P Pearsons chi-Squared Test (Exact), SD.: Standard Deviation, OR
Odds Ratio (95% Confidence interval), * Expresses significance compared to the control group, ® Expresses significance compared to the control
group. AMH: Anti-mullerian hormone; FSH: Follicle-stimulating hormone; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; GALP:
Galanin-like peptide; BMI: Body mass index; LH: Luteinizing hormone; DHEA-SO4: Dehydroepiandrosterone sulfate, PCOS: Polycystic Ovarian
Syndrome
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Table 2. Correlation table with GALP and Leptin in the PCOS and control groups.

Control (n=33)

Patient (n=46) Patient vs Control

GALP (ng/ml) Leptin(ng/ml) GALP (ng/ml) Leptin(ng/ml) GALP (ng/ml) Leptin
p value " p value "

GALP 1 - -0.025 0.840 1 - -0.158 0.123 - 0.572
IGF-1 - - - - 0.121 0.281 -0.012 0913 = o

Age -0.426 0.001 -0.064 0.608 -0.206 0.049 0.100 0.337 0.301 0.489
BMI -0.009 0.943 0.248 0.056 -0.342 0.001 0.359 0.001 0.161 0.620
AMH 0.346 0.045 0.137 0.426 0.091 0.391 -0.293 0.006 0.373 0.146
HOMA-IR 0.047 0.709 0.399 0.001 -0.225 0.037 0.248 0.022 0.257 0.486
Insulin 0.068 0.577 0.419 0.001 -0.097 0.368 0.294 0.006 0.495 0.554
Glucose -0.148 0.242 0.092 0.464 -0.232 0.032 0.067 0.536 0.721 0917
Total Cholesterol -0.243 0.049 0.363 0.003 -0.011 0914 0.036 0.732 0.322 0.149
HDL 0.054 0.664 -0.186 0.132 0.097 0.352 -0.134 0.199 0.855 0.822
Non-HDL -0.314 0.011 0.422 0.001 -0.086 0.485 0.296 0.016 0.355 0.574
LDL -0.294 0.017 0.418 0.001 0.105 0.325 0.020 0.851 0.091 0.078
Triglyceride -0.212 0.085 0.244 0.047 -0.032 0.754 0.138 0.183 0.445 0.644
FSH -0.154 0.209 -0.140 0.251 0.053 0.673 -0.194 0.119 0.425 0.831
LH 0.119 0.329 -0.121 0.321 -0.155 0.221 -0.017 0.892 0.292 0.691
LH/FSH 0.210 0.085 -0.004 0.975 -0.254 0.045 0.052 0.683 0.047 0.814
DHEA-SO4 0.067 0.593 -0.004 0974 -0.110 0.340 0.071 0.539 0.484 0.767
T. Testosterone 0.006 0.961 0.012 0.922 -0.172 0.147 0.094 0.426 0.483 0.747

Kendall's tau b Test, r: Correlation Coefficient; * Comparison of the correlations of patient and control groups with galanin and leptin; * Fisher
Z transformation used AMH: Anti-mullerian hormone; FSH: Follicle-stimulating hormone; HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; GALP: Galanin-like peptide; BMI: Body mass index; LH: Luteinizing hormone; DHEA-SO4: Dehydroepiandrosterone sulfate;

Table 3. Evaluation of the diagnostic success of GALP and Leptin levels with Ensemble-learning method

Control (n=33) PCOS (n=46) Total (n=79)

GALP (DV) Leptin (DV) GALP (DV) Leptin (DV) GALP (DV) Leptin (DV)
Independent Variable Importance Importance Importance Importance Importance Importance
Age 57.0% - 17.0% - 55.0% -
BMI = = 70.0% 41.0% 35.0% 63.0%
AMH 13.0% - - 18.0% - -
HOMA-IR = 5.0% = 14.0% = 8.0%
Insulin - 5.0% - 14.0% - 3.0%
Glucose o ° 5.0% o 4.0% =
Total Cholesterol 10.0% 22.0% - - - 2.0%
Non-HDL 11.0% 33.0% = 6.0% 6.0% 10.0%
LDL 9.0% 23.0% - - - 4.0%
Triglyceride = 12.0% = = = 5.0%
FSH - - - - - 1.0%
LH/FSH = = 3.0% = = =
Total Testosterone - - - - - 2.0%
Accuracy Ensemble Model / Reference Model 37.5/349 443 /40.8 26.9/255 51.7 /499 224/219 17.3/144

Ensemble-learning method: Bagging (Linear Regression); (Combining rule: Median); Model Selection method: Forward stepwise (Criteria: AICC);
DV: Dependent Variable; AMH: Anti-mullerian hormone; FSH: Follicle-stimulating hormone; HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; GALP: Galanin-like peptide; BMI: Body mass index; LH: Luteinizing hormone

that GALP levels were 22.4% and leptin levels were 17.3%
(Table 3).

Discussion

We evaluated GALP and leptin levels in PCOS patients and their
relationship with obesity and insulin resistance. In our study,
patients with PCOS had higher AMH and leptin levels than those
in the control group, but there was no significant difference
between the GALP levels.

A history of weight gain is usually detected before the

development of PCOS, and a healthy lifestyle change has
been shown to reduce body weight and to lower testosterone
in women with PCOS [9]. The prevalence of PCOS in obese
women seeking help for weight loss is 28.3% [9]. However, in
another study, PCOS prevalence was shown to be independent
of obesity [10]. Parallel to this, most of the patients in our study
were non-obese. In this respect, our study is notable in that it
identified a higher rate of non-obese PCOS patients.

The pathophysiology underlying PCOS is not fully understood
[11]. Previous studies have reported a higher prevalence of
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obesity in PCOS patients compared to healthy women [12]. A
recent study showed that an imbalance in adipokine secretion
was not only associated with a higher likelihood of PCOS, but
also with hyperandrogenism and increased ovarian follicle
number. This result also suggests the role of adipokines in the
different pathophysiological pathways of PCOS [13].

Many studies have suggested that HOMA-IR be used as a
standard measure for diagnosing insulin resistance [14]. In our
study, both groups had similar BMI values, and HOMA-IR levels
were found to be higher in PCOS patients compared to control
group.

Several studies found that leptin levels were higher than control
groups of similar age. Opposite results were also published. The
reason for this difference can be explained by the differences in
the PCOS diagnostic criteria used to enroll the patients and the
fact that PCOS patients with high leptin levels are also obese
people. It was thought that obesity was the main reason for
the increase in leptin levels, and that the leptin level has limited
diagnostic discrimination in non-obese PCOS patients [12,15].
The putative role of GALP in regulating reproductive functions
was thought to be a potential molecular link in the leptin/insulin
and GnRH relationship to GALP [7,16,17]. In this sense, it has
been postulated that reproductive dysfunction associated with
diabetes is a defect in the function of GALP-expressing neurons
[16]. It has been shown that more than 85% of GALP-containing
neurons express leptin receptors and that leptin increases GALP
mRNA expression in the hypothalamus [6,17]. Leptin inhibits the
insulin-mediated stimulation of gonadotropin-induced ovarian
steroidogenesis.

GALP elicits LH release following intracerebral injections in rats
[16]. Moreover, GALP-induced LH secretion is blocked by the
administration of the GnRH receptor antagonist in both rats
and macaques; this suggests that GALP probably stimulates
GnRH secretion through an intermediate cell [18,19]. This
short-term effect of GALP in rats [16] appears to be similar
in size to that of galanin and is thought to be due to GALP
binding to galanin receptors [20,21]. Since GALP is found to be
an important factor in the initiation of GnRH secretion and the
regulation of LH secretion caused by GnRH, higher GALP levels
are expected in patients with PCOS [7]. Increased LH release
occurred following intracerebral injections of GALP in mice [16].
In addition, GALP has been shown to have a stimulating effect
depending on estrogen [22]. As far as we know, only one study
on GALP in patients with PCOS have been conducted yet [7].
Although Nyagolova et al. found higher GALP levels in PCOS
patients, in our study, we could not find a significant difference
between healthy women and PCOS patients regarding GALP
levels.

When all the participants in our study were evaluated, women
with menstrual irregularity, hirsutism, and PCOS-compatible
morphological findings had higher leptin levels and as BMI
increased, leptin levels also increased. We assume that GALP
secretion disturbances may occur in PCOS subjects, however,
we could not find similar results in reports that show a positive
correlation of GALP levels with BMI, even though studies are
still limited [23].

Some limitations of our study draw attention. PCOS group
consisted of younger patients compared to similar studies, so it

was thought that metabolic disorders may not have progressed
sufficiently. In conclusion, we found that patients with PCOS
had higher AMH and leptin levels than the control group with
similar BMI values, but there was no significant difference
between the two groups in terms of GALP levels.
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